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A Treatise on Elementary Algebra and Algebraical 

Artifices. By Saradaranjan Ray, M.A. Two Vols. 

(Calcutta : S. K. Lahiri and Co., 1888.) 

The work under review is also Part II. of “A Course 
of Elementary Mathematics.” Vol. I. comprises those 
portions of elementary algebra usually to be found in 
modern text-books up to the chapter on proportion. 
Vol. II. includes chapters on variation, theory of equa¬ 
tions, elimination, binomial theorem, and properties of 
logarithms, as well as many others ; but those mentioned 
will suffice to show the general scope. The author gives 
the object he has had in view : “ To create in beginners 
a taste for algebra, and to show them the utility and 
application of algebraical artifices.” In achieving this 
desire he has met with some degree of success. The 
anguage employed is simple and clear. The proofs in 
many instances are interesting. We question the advisa¬ 
bility of placing the binomial theorem and properties of 
logarithms at the conclusion of a work which contains 
biquadratic equations. At least an elementary chapter 
upon the former subject should precede the theory of 
equations, while a discussion of logarithms would be of 
great use in its development. 

We notice one very important omission : the multi¬ 
nomial theorem finds no place in these volumes. This 
is much to be regretted, for the chapter on permutation 
could have introduced it in an elegant and suggestive 
manner. Again, we notice that the subject of series is 
scarcely touched upon. One would hope in a work 
of this scope to find a short chapter which would in¬ 
clude reversion of series. However, there are many ex¬ 
cellent features in the book. Chapters on u Consistency 
and Sufficiency,” and on “ Identities and Equalities,” are 
novel and gratifying. The pages concerning arith¬ 
metical and geometrical progressions are original and 
inspiring; for example, the student is taught the mean¬ 
ing of the sum of n terms of a progression when n is 
negative, and is shown that both arithmetical and geo¬ 
metrical progressions possess the common property that 
two successive terms are connected by a linear relation ; 
from this point of view the series are then further 
examined. 

There are many examples, as a rule well selected, with 
occasional hints to show the learner that a little ingenuity 
will often overcome particular difficulties. There are a 
few occurrences of faulty printing, and some misprints 
which do not appear in the errata. 

The students of our Eastern dependency are in pos¬ 
session of a book by one of their own countrymen who 
is a thorough master of his subject. 


LETTERS TO THE EDITOR. 

I The Editor does not hold himself responsible for opinions ex¬ 
pressed by his correspondents . Neither can he undertake 
to return , or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications . ] 

The Sailing Flight of the Albatross. 

In Nature, vol. xxxix. p. 230, the late Mr. William Froude, 
in a letter to Sir William Thomson, on the subject of the 
“Soaring of Birds,” gives a short account of the well-known 
and often discussed sailing flight of the albatross ; and says 
that after long consideration the only explanation, which pre¬ 
sented itself to his mind was, that the birds use the upward 
current caused by the lifting of the air from the bottom of the 
trough to the level of the crest of an advancing wave. Mr. 
Froude by a rough calculation—the waves being supposed 10 
feet from hollow 1 to crest—concludes that an upward current of 
3 feet per second may be caused in this manner, and states that 
the bird’s movements were often in accordance with this ex¬ 
planation, though it was often impossible to affirm or deny the 
accordance. 


Having had many opportunities of observing the flight of the 
albatross, I cannot think this explanation the true one. I have 
often seen albatrosses sailing when the sea appeared as flat as a 
table, with the exception of the small w aves caused by a light wind. 
This seems fatal to Mr. Froude’s explanation, which requires 
waves of considerable size. As Mr. Froude observed, the birds 
often sail along the crests of waves. It seemed to me that they 
were sometimes using the current diverted upwards by the wave, 
just as on land birds use that diverted by hedges, river-terraces, &c. 

I will first give a description of the flight of these birds, as I 
observed it when on board steamers running between Australia 
and New Zealand, which are nearly always followed by numbers 
of birds ; and then attempt an explanation. The sailing flight is 
never to my knowledge done in a calm. I once observed the 
effect of a gradually diminishing wind on their flight. The 
steamer was going about nine knots. When the wind, which 
was very nearly aft, became one or two knots slower than the 
steamer, the birds, which had hitherto kept their wings perfectly 
steady, began to flap at intervals which became shorter as the 
wind lessened, and when it ceased they flapped almost without 
intermission, and soon ceased to follow the vessel. 

The birds go through a series of movements which are related 
to the direction of the wind. Starting from near the surface, 
they rise in a slanting direction against the wind, to a height 
which varies with the strength and direction of the wind. The 
average seemed to me about 20 feet. Then comes immediately 
a turn half round in a rather large circle, followed at once by a 
rapid descent down the wind. They then take a longer or 
shorter flight in various directions, almost touching the water. 
After that another ascent in the same manner, and so on, 
repeating the series of movements ad libitum. The interval of 
time between the ascents evidently depends on the direction of 
the wind with regard to the course of the vessel. When the 
wind is ahead, and the birds’ velocity through the air great, 
being necessarily greater than the wind’s velocity plus that of 
the steamer, the interval is short. When the wind is abaft the 
beam, and the birds’ velocity much less, the interval is usually 
much longer. As a general rule, there is a rough proportion as 
to the favourableness of the wind and the length of time between 
successive ascents. Also, when the wind is favourable and not 
strong they do not rise so high as in a strong and adverse wind. 

The explanation I have to give of the movements above 
described depends upon the well-known fact that the velocity 
of the wind at the surface is diminished by friction, so that its 
velocity increases with the height, the rate of increase being 
greatest near the surface. Prof. Osborne Reynolds found by 
experiment that the wind’s velocity over a grass meadow at a 
height of 8 feet was double that at 1 foot. 1 Over the sea, when 
there is enough wind to roughen the surface, the drag on the 
lowest stratum is probably greater than over a grass meadow, 
on account of the motion communicated to the water. This effect 
of friction makes clear the object of the ascents against, and the 
descents with, the wind. For, as a bird rises, he enters currents 
of wind which increase in velocity with the height, in a direction 
contrary to his own motion, so that the loss of velocity conse¬ 
quent on rising, and which would take place in still air, is partly 
—or perhaps, when the wind is strong, wholly—made good. The 
bird thus gains energy of position, which is converted into 
energy of motion by descending. A bird’s ascent against the 
wind may be compared with the ascent of a particle up an 
incline, while the incline itself is accelerated in a horizontal 
direction opposite to that of the particle’s motion, thereby 
enabling it to reach a height greater than that due to the initial 
velocity. The albatross does not go on rising until his velocity 
is nearly exhausted, but makes a half-turn at great speed pre¬ 
vious to his descent. Thus the quickness of the ascent, with, 
as Mr. Froude says, scarcely if any apparent loss of speed, is 
explained. By making a slanting descent with the wind, the 
bird carries with him the velocity of the faster-moving wind of 
the high level into the slower-moving wind near the surface ; 
and thus increases his velocity through the air, to which is to be 
added that due to his fall. Thus, if resistance is left out of 
account, the bird’s velocity since he began to ascend would have 
been increased by twice the difference in the velocity of the wind 
near the surface, and at the height to which he rises. And as 
the power of overcoming resistance varies as the square of the 
velocity, the addition of several feet per second to the bird’s 
already high velocity is equivalent to much more energy than 
is lost in the few seconds occupied by the rise, turn, and fall ; 

1 “ On the Refraction of Sound by the Atmosphere,” by Prof. Osborne 
Reynolds. Read before the Royal Society, April 23. 1874. 
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so that there is a clear ga‘n, which may be expended in flight 
until the speed is so much reduced that it is necessary to increase 
it by another ascent. 

The reason is clear why, when following a steamer against the 
wind, the birds are compelled to repeat at short intervals the 
movements by which speed through the air is gained, and why, 
when the wind is favourable, the intervals are longer. The 
great h ngth of these intervals just mentioned seems to me the 
difficult point in the theory. It cannot be proved that the speed 
acquired by the movements described is sufficient for such long 
flights between the ascents as are sometimes seen, under conditions 
where there is no suspicion of upward currents near the surface. 
Our knowledge of the resistance of the air to such complex 
surfaces as the wings of birds is, I believe, almost nothing ; and 
even if w T e knew, without doubt, the true explanation of the 
manner in which the energy lost by resistance is renewed, we 
might find it hard to apply it to all cases, unless we had some 
real knowledge cf the supporting pow 7 er of the air, and the 
horizontal resistance at different velocities. 

I have sometimes seen a number of albatrosses sailing in a 
peculiar manner, the w ind being at right* angles to the course of 
the steamer. They ascend against and descend with the wind, 
turning alternately right and left, so as to describe an undulating 
line, not far behind the stern. A number of them sometimes 
do this for hours, while others are sailing in various directions 
farther off. It is curious that the common sea-gulls of New 
Zealand (.Larus dominicanus ), which have become to a great 
extent ’and-birds since the country was colonized, may be 
sometimes seen making their way over flat country in the same 
manner as the albatrosses just described—that i c , at right angles 
to the wind, and turning alternately right and left, and nearly 
touching the ground at each descent. Their success in doing 
the sailing flight is, however, imperfect, as they seem compelled 
to flap their wings a few times during the set ond half of each 
ascent. Perhaps future generations of gulls may improve. No 
doubt some muscular exertion is saved by this mode of progres¬ 
sion. The foregoing theory of the sailing flight of the albatross 
shows, I think, the action of a vera causa , which, as far as I 
know, has not been noticed before. A. C. Baines. 

Christchurch, New Zealand, 


Note on Ragadia crisia. 

Mr. W. L. Distant, in his admirable “ Rhopalocera 
Malayana,” calls attention to the recent appearance of Ragadia 
crisia in the Malay peninsula. As I have had opportunities of 
studying the habits of the species in what seems to be one of its 
head-quarters, it may be desirable to record the facts. 

Mr. Distant writes as follows :—“One of the most peculiar 
facts in relation to this butterfly seems to be its almost recent 
appearance in the Malay peninsula, or at all events its first 
capture there by collectors. I did not meet with it myself when 
collecting at Province Wellesley, nor did I subsequently receive 
it in numerous collections derived from the peninsula. In 1883, 
however, the species seems to have been common from Penang 
to . Singapore. I first received two specimens captured on 
Penang Hill, and sent to me as a new species ; others shortly 
followed from Province Wellesley, with the remark of an ex¬ 
perienced collector that the species was quite new to the locality ; 
and almost simultaneously the Indian mail brought me more 
examples from Sungei Ujong, Malacca, and Singapore. My 
friend Mr. Logan also sent me an example with the comment, 
‘a very rare butterfly not known to collectors here.’ 

11 Capt. Godfrey, who also captured the species at Sungei 
Ujong, described it as being found in low undergrowth in the 
forest, where, especially in the early morning, I several times 
met with it. Its flight is weak and feeble, but it cleverly 
eludes pursuit by threading its way through tangled brushwood ” 
(“Rhop. Mai.,” p. 421). 

Mr. W. B. Pryer, in his joint paper with Mr. Distant ( <f Rhop. 
Northern Borneo,” Ann. A fag. Nat. ffist., January 1S87, 
p. 49), describes it as “rare, under almost thick forest shade.” 
In ten ytars’ collecting in North Borneo he has only met with a 
few specimens, not more than a dozen, nearly all of which he 
saw at Silam, on the coast of the district I write about. 

I find it to be the very commonest butterfly in the dense forest 
of the centre of Darvel Bay Peninsula, on the east coast of 
British North Borneo. 

. I first saw the insect in the deep forest between Lamag on the 
River Kinabatangan and Itok Batu on the River Segama, about 


120 miles in• and. It was not common, but I always saw one or 
two daily. Since then Mr. Pryer has taken it higher up the- 
River Kinabatangan, some 250 miles up stream. The butterfly 
is still quite rare on the coast, the only specimens having fallen 
to Mr. fryer’s net. 

Last year I made an exploration through the forest from the 
River Tinkyo in Darvel Bay to the head-waters of the River 
Segama. Within four miles of the coast, in the alluvial flat of 
the River Tinkyo, the species was seen daily, but was far from 
common. As soon as we touched the mountain country it began 
to grow common, and from 600 feet to 2500 feet above sea-level 
it was the commonest butterfly in the deep forest. 

Capt. Godfrey’s description of its habits agrees with mine, 
except in one particular. Pie found it most plentiful in early 
morning. I was always in the jungle from soon after dawn to 
near dusk, and found it appeared about 9 o’clock in the morning, 
and was on the wing till about 4 o’clock in the afternoon. 

It has the feeblest (and wickedest) flight of any butterfly 
known to me. I never saw it rise six feet above the ground, 
and it finps slowly along, apparently with eff. rt, its wings not 
stiff but bending with each stroke. It looks a certain capture; 
but this, as Capt. Godfrey found, is delusive and elusive. It 
keeps just above the low bushes from two to three feet high, and 
sneaks in among them most ex asperating I y. It seems to do this 
deliberately, and will rather circuit round an opening made by a 
fallen tree than cress the small opening. It is often seen flying 
in rain. 

As a rule it is quite solitary, it being rare to see two at once, 
and it is not at all bold or pugnacious. 

Its wings are so soft that it often crumples in the wet, and it 
is almost impossible to set it during the rainy season, the wings 
relaxing in a few hours, though it may have been a week on 
the setting-board. 

From February to October it was equally common. I then 
came out of the forest. It probably flies all the year round. 

It is one of the few true forest species, and avoids the sunshine,. 

I do not know whether the insect is common elsewhere, and 
can offer no suggestion as to why it should be spreading from 
this part, though it is undoubtedly creeping coastwards. The 
eastern part of North Borneo is untouched primaeval forest, the 
only clearings being on the coast and river-banks, and these are 
small, d’he country where Ragadia abounds is quite uninhabited ? 
and it is difficult to see how the food-plant (unknown) could 
have been taken thence to the Straits Settlements. Then too, 
in Borneo at any rate, it would avoid clearings. 

Leaving this question for future observers to solve, we now 7 
know that in one part of the interior of North Borneo Ragadia 
crisia is very common, and it is extending its area. 

Sydney' B. ]. Skertchly. 


Spherical Eggs. 

Prof. Aldis will find references to the history of this ancient 
question in an article by Mr. W. Walton in the Quarterly- 
Journal of Mathematics, vol. ix. p. 79, where it appears as 
Leslie Ellis’s problem of the thirsty crow. “A thirsty crow 
flew r to a pitcher and found there w ? as water in it, but so near 
the bottom he could not reach it.. Seeing, however, plenty of 
small, equal spherical pebbles near the place, he cast them one 
by one into the pitcher, and thus by degrees raised the water up 
to the very brim and satisfied his thirst. Prove that the volume 
of water must have been to that of the pitcher in a ratio not less 
than 3 J2 - ir: 3 N /2.” References are supplied in the article by 
the Rev. Dr. Luard to Pliny’s “Natural History,” book x. 
chapter 43, “De Corvorum Intelligentia ” ; Plutarch, “ De 
Solertia Animalium ; and ZElian, “ De Nairn & Animal ium.” 
Consult also Tail’s “ Properties of Matter.” 

Thus in an aggregation of closely-packed equal spherules the 
unoccupied space is 1 - Jz of the whole volume. 

We may verify this experimentally by comparing the weight 
of a given volume of small lead shot with the weight of an 
equal volume of lead ; theoretically the densities should be as t?* 

to 3 n/2. 

On a larger scale, the question may be studied in the piles of 
spherical shot formerly to be seen in our forts and arsenals. 
Whether we begin piling the shot in horizontal layers, in tri¬ 
angular order, or in square order, the internal molecular arrange¬ 
ment of the spheres is the same ; but the square order in the 
horizontal layers is preferred, as it is then possible to build the 
pile on a rectangular ba«;e, finishing off at the top with a ridge 
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